Abstract This research describes a new technological process for sesame oil extraction. The process deals with the effect of ohmic heating on enhancement of oil recovery and quality of cleaned and graded sesame seed. The effect of ohmic heating parameters namely electric field strength (EFS), end point temperature (EPT) and holding time (HT) on oil extraction process were investigated. Three levels of electric field strength (600, 750 and 900 V/m), end point temperature (65, 75 and 85°C) and holding time (5, 10 and 15 min.) were taken as independent variables using full factorial design. Percentage oil recovered from sesame seed through mechanical extracted oil by application of ohmic heating varies from 39.98 to 43.15 %. The maximum oil recovery 43.15 % was obtained when the sample was heated and maintained at 85°C using EFS of 900 V/m for a holding time of 10 min as against 34.14 % in control sample. The free fatty acid (FFA) of the extracted oil was within the acceptable limit (1.52 to 2.26 % oleic acid) of 0.5 to 3 % as prescribed respectively by Prevention of Food Adulteration (PFA) and Bureau of Indian Standards (BIS). The peroxide value of extracted oil was also found within the acceptable limit (0.78 to 1.01 meq/kg). The optimum value for maximum oil recovery, minimum residual oil content, free fatty acid (FFA) and peroxide value were 41.24 %, 8.61 %, 1.74 % oleic acid and 0.86 meq/kg, respectively at 722.52 V/m EFS at EPT 65°C for 5 min. holding time which was obtained by response surface methodology.
Introduction
The major sesame producing countries India, Sudan, China and Burma contribute about 60 % of the total world production (El Khier et al. 2008) . Sesame seeds are rich in fat (44-58 %), protein (18-25 %), carbohydrates (7-13 %), and fiber (Borchani et al. 2010; Gandhi 2009; Hansen 2011; Nzikou et al. 2009 ). The seeds also contained significant amount of important
Research highlights Effect of variables on per cent oil extraction
Percentage of oil recovered from sesame seed through mechanical extracted oil by application of ohmic heating varies from 39.98 to 43.15 %, the maximum oil recovery 43.15 % was obtained when the sample was heated and maintained at 85°C using electric field strength of 900 V/m for a holding time of 10 min. Effect on FFA and peroxide value of extracted oil On an average it ranged from 1.52 to 2.26 as against 1.24 (% oleic acid) in case of control sample. The peroxide value of ohmically heated extracted oil ranged from 0.78 to 1.01 as against 0.86 meq/kg in control sample. Optimization of process parameters Ohmic heating parameter such as electric field strength (EFS), end point temperature (EPT) and holding time (HT) was selected on the basis of maximum oil recovery with low free fatty acid and peroxide value. The optimum value for maximum oil recovery, minimum residual oil content, free fatty acid (FFA) and peroxide value was 41.24 %, 8.61 %, 1.74 and 0.86, respectively at 722.52 V/m EFS at EPT 65°C for 5 min holding time which was obtained by response surface methodology. minerals with the Potassium concentration being the highest, followed by Phosphorus, Magnesium, Calcium and Sodium (Loumouamou et al. 2010) .
Ohmic heating utilizes the inherent electrical resistance of food material to generate heat; hence it is the promising method for food processing. (Wang et al. 2007 ). Because of the promise of ohmic heating in improving mass transfer effects and enhance diffusion by electroporation, some workers have investigated ohmic heating for various application (Kemp and Fryer 2007; Wang and Sastry 2002; Parascopic et al. 2006) . Rao et al. (2004) reported that the application of ohmic heating as a pre-treatment prior to oil extraction resulted in higher oil recovery from rice bran.
However, most of the applications are still at small scale and are yet to be commercially exploited. Therefore, the ecofriendly innovative technologies leading to higher oil yield coupled with lower processing cost is the need of the hour.
Therefore the present investigation was undertaken to study the effect of ohmic heating parameters on oil recovery and to optimize the process parameters of ohmic heating for maximum oil recovery.
Materials and methods
The sesame seed (var. RT-44) procured from local market was cleaned and graded using CIAE cleaner cum grader. The initial moisture content of raw sesame seeds was determined by single stage hot air oven method (Rangnna, 2000) . The oil content in raw sesame seeds was determined as per AACC (2003) 
Experimental design
Electric field strength (EFS), end point temperature (EPT) and holding time (HT) were taken as independent variables, whereas temperature, current during ohmic heating, residual oil content in cake, free fatty acid in oil, peroxide value and color of oil were considered as dependent variables. Three levels of electric field strength (600, 750 and 900 V/m), end point temperature (65, 75 and 85°C) and holding time (5, 10 and 15 min.) taken as independent variables using full factorial design. Pare et al. (2009) conducted the similar study for the extraction of soybean oil and used the same EFS with holding time of 0, 5 and 10 min at end point temperature of 70, 80 and 90°C respectively.
Ohmic heating of sesame seeds
A laboratory model ohmic heating system developed at Department of Processing & Food Engineering, College of Technology & Engineering, MPUAT, Udaipur was used for conducting experiment trials. The moisture content of raw sesame seed was increased up to 35 % by adding the required amount of water (tap water) as decided through the preliminary experiment. A sample of 3.5 kg sesame seed was placed in ohmic heater. EFS of 600, 750 and 900 V/m were applied with the help of AC variate fixed on control panel and heat the samples until its geometric centre temperature reached the desired temperature of 65, 75, and 85°C. A PT-100 temperature sensor was placed into geometric centre of the sample to monitor temperature during heating. Current and temperature were recorded after every minute during ohmic heating. The required electric field strength was maintained with the help of control panel. Once the sample is placed into ohmic heater then sample was attaining desired temperature (i.e. EPT), then switch off the assembly and the sample is hold for the required time (Holding time). If the temperature gets reduced at the same time then again switch on the assembly. The sample took almost 15-18 mins to reach desired EPT. The ohmically treated samples were shade dried to reduce the moisture content up to 10-12 % which is required for mechanical extraction of oil (Shukla et al. 1992 ). The resulted samples were not in slurry form.
Oil extraction
The mechanical oil expeller (Model No. NE2, make Vergara Machineries, India) was used to extract the oil from untreated and ohmically treated sesame seeds.
Residual oil content of the cake
The residual oil content was determined by using soxhlet apparatus (Model No. BST/SXW-6, Bionics Scientific Technologies pvt. Ltd., New Delhi, India) (AACC 2003).
Quality evaluation
Colour of the extracted oil was measured using a Hunter Lab Colorimeter (Model CFLX/DIFF, CFLX-45, Hunter Associates Laboratory, Virginia, USA). The free fatty acid (% oleic acid) present in the extracted oil was determined by using titration method (AOAC 1984) . The peroxide value was determined by standard method (AOAC 1970) . 
Optimization of process parameters
The optimization of process parameters for maximum oil recovery with minimum FFA and peroxide value was carried out using numerical optimization technique with the help of Design Expert 8.0.6 statistical software by Response surface methodology (RSM). RSM is a statistical procedure frequently used for optimization studies and enables efficient exploration of a process or system (Madamba 2002; Myers et al. 2009 ). Full second order model was fitted in various responses and independent variables using multiple regression analysis.
Results and discussions
The initial moisture content of sesame seed was found to be 5.32 % and the total oil content of was found to be 46.31 %.
Effect of variables on per cent oil extraction
Percentage of oil recovered from sesame seed through mechanical extracted oil by application of ohmic heating varies from 39.98 to 43.15 % (Table 1 , 2, and 3). The maximum oil recovery (43.15 %) was obtained for the omhically treated seed sample at 85°C using electric field strength of 900 V/ m for a holding time of 10 min. It may be seen that the oil Lakkakula et al. (2004) and Tyagi et al. (2012) . Some recent studied have been conducted on the extraction of sesame oil. Akinoso et al. (2006) reported the oil yield of sesame seed after roasting of seeds at 70, 90, 110 and 130°C for 5, 10, 15 and 20 min roasting duration was found to be 12.85 to 51.86 %. Latif and Anwar (2010) reported that there was 12.3 % increase in the yield of sesame oil as compared to the control after the treatment with enzyme. Carvalho et al. (2012) also conducted the study on sesame oil extraction by supercritical fluid extraction and soxhlet extraction. He reported the best result (26.47 %) by supercritical technique when CO 2 and ethanol were used and during soxhlet extraction, the maximum yield (58.93 %) was achieved when using ethanol as a treatment. The combined effect of two variables on per cent oil extracted can be visualized from Figs. 1, 2, and 3 generated by using Design Expert as a function of two variables while keeping third variable at its central value. Effect of ohmic heating parameters on residual oil content of cake
The residual oil content in cake ranged from 5.55 to 11.47 % (Tables 1, 2 , and 3). The minimum residual (5.77 %), as expected corresponded to conditions of maximum oil recovery that is EFS of 900 V/m, EPT 85°C and holding time of 10 min. The results justify the usefulness of ohmic heating treatment as residual oil in the cake of sesame seed has been reported to be 18-22 % (Yen et al. 1986 ) when extracted with expeller. It was found that the effect of EFS and EPT had a significant effect on residual oil content in cake, whereas HT is less significant parameter than the EPT. The variation in residual oil content with interaction effect of ohmic heating parameters is shown in Fig. 4 .
Effect of ohmic treatment on FFA of extracted oil
The value of FFA was observed in the range of 1.52 to 2.26 as against 1.24 in case of control sample (Tables 1, 2, and 3). ANOVA of FFA (Table 4) shows that the effect of EFS, EPT and HT is highly significant. The increase in FFA value with increase in temperature may be due to hydrolysis during extraction. Similar results were reported by Nagre et al. (2011); Akinhanmi and Akintokun (2008); Nielsen (1994) .
Effect of ohmic treatment on L* value (color lightness)
The L color value of oil samples was found in the range of 44.12 to 45.89 as against 46.47 of control sample. The results are in confirmation with the findings of previous research workers (Torres and Maestri 2006; Ozdemir and Golukcu 2007) . ANOVA for color value (L) of oil samples showed that the effect of EFS, EPT & HT was highly significant (Table 4) .
Effect of ohmic treatment on peroxide value of extracted oil
Peroxide values measure the content of hydroperoxides and are used as indicators of lipid oxidation (Gray 1978) . The peroxide value of ohmically treated oil samples ranged from 0.81 to 1.01 meq/kg. Ogbonna and Ukaan (2013) reported the PV value of fresh sesame oil varies from 1.01 to 7.61 meq/kg. The ANOVA of peroxide value ( Table 4 ) clearly shows that EFS and EPT have significant effect and holding time have non-significant effect.
Optimization of process parameters
The desired goals for each factors and response are shown in Table 5 . The optimized the process parameter for ohmic heating by numerical optimization which find a point that maximizes the desirability function; equal importance '3' was given to the process parameters and 4 responses. The optimum value for maximum oil recovery, minimum residual oil content, free fatty acid (FFA) and peroxide value were 41.24 %, 8.61 %, 1.74 and 0.86, respectively at 722.52 V/m EFS at EPT 65°C for 5 min. holding time. Akinoso et al. (2006) optimized the process parameters for the extraction of sesame oil and reported optimum moisture content, roasting duration and roasting temperature were 4.6 % wet basis (wb), 13.0 min. and 124.2 ºC. These combinations gave 50.4 % oil yield, 1.1 % free fatty acid, 0.1 % oil impurity.
Conclusion
During ohmic heating of sesame seeds, the current first increased with time to a certain level and then stabilized and once again increased. The temperature distribution within the ohmic heating system was relatively uniform. Percentage oil recovered from sesame seed through mechanical extracted oil by application of ohmic heating varies from 39.98 to 43.15 %. The maximum oil recovery 43.15 % was obtained when the sample was heated and maintained at 85°C using EFS of 900 V/m for a holding time of 10 min as against 34.14 % in control sample. The FFA values obtained in this study are below the maximum permissible limit (3 %) at all combinations of treatment. It was therefore concluded that ohmic heating treatment of sesame slightly increased the FFA in oil.
